Abstract: Phenotypic variation and association between morphologic traits and geographic characteristics (latitude, longitude and elevation) were investigated for fifteen wild birdsfoot trefoil (Lotus corniculatus L.) populations collected from diverse natural stands in Slovakia. Considerable variation between populations was observed for morphological characteristics. According to principal component analysis, the attributes that appeared to be the major sources of diversity between these populations were growth habit, number of internodes, stem length, stem thickness, number of stems per plant and leaf length. The populations were classified into five morphologic cluster groups, corresponding to collecting sites with similar geographic characteristics. This study showed that most populations from locations with lower elevation tended to produce semi-prostrate plants with high number of long stems and with later flowering. The number of stems, number of internodes and stem length increased as the population collecting-site location moved west and south. The results may be useful for planning more effective collection and utilization of several wild populations.
Introduction
Lotus corniculatus L. is a cross-pollinated perennial forage legume, generally reported as tetraploid (2n = 24). Birdsfoot trefoil is a valuable alternative to other legumes, for example alfalfa or red clover. It is low demanding, better adapted than many forage legumes to soils that are slightly acid, droughty, infertile or wet. Birdsfoot trefoil has a high nutritive value, and is nonbloating when grazed directly by livestock (Beuselinck & Grant 1995) .
The ecological range of Lotus corniculatus is very wide, corresponding to the polymorphous character of the species. Within the framework of world distribution, this species is almost ubiquitous. With the exception of aqueous and very humid and shady habitats, it occurs in almost all vegetation types on various bedrocks, except strongly acid soils. Vertical distribution of Lotus corniculatus extends from the coastal zone to the alpine at all altitudes above sea level (Chrtková-Zertová 1973) .
The wild flora is a rich repository of wild species related to crops, which are valuable sources of genes for crop improvement and adaptation to changing environmental conditions. Genes from wild relatives have provided crops with resistance to pests and diseases and enhanced tolerance to abiotic stresses. The adaptability of birdsfoot trefoil to different habitat conditions causes variability of morphological, biological and agronomic characteristics, creating numerous ecotypes, which are good basis for breeding in order to obtain more productive cultivars with higher quality. The high variability of Lotus corniculatus appears especially in the general morphological characters; and also exists for specific agronomic traits, including herbage regrowth and quality, flowering habit or insect resistance (Chrtková-Zertová 1973; Duke 1981; McGraw et al. 1989) .
Understanding the genetic diversity within germplasm collections and characterizing germplasm collections facilitates the use of genetic diversity (Beuselinc & Steiner 1992) . To identify genetic materials that may contain useful traits for germplasm enhancement, a systematic evaluation of genetic resources is needed to understand the relationships among accessions and their corresponding collecting-site environments (Steiner & Greene 1996) . The environment plays a major role in shaping the genetic structure of populations by influencing natural selection and gene flow (Linhart & Grant 1996) . The recognition of how phenotypic plant-descriptors are related to collecting-site ecologic features enables to predict where unique accessions may be found in the wild (Vavilov 1992) and identify sources of materials that contain desirable traits (Steiner & Poklemba 1994; Steiner & Greene 1996) .
The objectives of this study were to i) characterize and compare morphologic traits of 15 wild birdsfoot trefoil populations collected from diverse habitats, and ii) determine the relationship of morphologic descriptors with geographic characteristics (latitude, longitude, elevation) of population collecting sites. 
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Material and methods
Plant material and collection sites
The plant material studied here comes from six collecting expeditions carried out in various regions of the Slovak Republic. The samples of birdsfoot trefoil were collected mainly from old meadows or pastures that had not been cultivated or actively managed for pasture improvement. In each population, mature pods were randomly collected on a site with uniform growing conditions. Several geographical data including altitude, latitude and longitude were directly recorded on each site of collection using GPS device. Indication and geographical origin of the wild populations are presented in Table 1 .
Germplasm evaluation
Seeds from 15 populations were sown in a greenhouse in • C and a mean annual precipitation of 595 mm. The experimental design was a randomised complete block with three replications.
Twenty morphologic characteristics were used to assess the range of morphologic variation among populations. Observations on vegetative and reproductive characters were taken during the growing seasons of 2005 and 2006. Vegetative characters were observed at the beginning of flowering and traits of inflorescence were evaluated at full flowering. The modified Forage legume descriptor (IBPGR, 1984) was used for evaluation. Nine qualitative variables were measured on a one-to-nine point scale; eleven traits were measured on a quantitative basis. All morphologic characterizations were based on ten representative individuals from each accession. Plant morphologic traits and the description of qualitative characters are listed in Table 2 .
Statistical Analysis
Analysis of variance was performed to determine variations and differences between populations. Data analysis was based on the measurements of eleven quantitative characters related to stem, leaf and inflorescence. Population mean comparisons were made using the least significant difference at the p = 0.05 level. In order to estimate the variability of the studied traits the coefficient of variability was calculated. Correlation between pairs of morphological characters and altitude, latitude and longitude was evaluated using Pearson's correlation coefficient. The variation range of evaluated characters between populations was analyzed also by principle component analysis (PCA) and cluster analysis, which were performed on twelve morphological characters. Wards Minimum Variance clustering procedure was used to group the genotypes based on their degree of similarity. The similarity among clusters was measured in terms of Euclidean distance.
Results and discussion
There were significant differences among 15 wild populations for 10 out of the 11 quantitative traits examined in the evaluation trial. The overall mean values of evaluated traits, LSD and coefficients of variation are presented in Table 3 . Evaluated populations showed polymorphism for both quantitative and qualitative (Table 4) morphological characters. The most variable were the quantitative traits related to stem and number of inflorescence per stem. The general appearance of the plants ranged from small and weak to large plants with a high number of stems. The genotypes had mostly prostrate growth habit, except for four populations, which had semi-prostrate growth habit. The traits of stem varied from rounded to quadrangular shape, from green to dark green colour, often with anthocyan. Accord- ing to the character of indumentum, stems ranged from glabrous to hairy. The leaflet shape was variable, ranging from rounded, ovate, obovate, to elliptical, rhombic or lanceolate. The leaf size ranged between 8.8-11.4 (length) and 2.4-4.6 mm (width). The colour of leaf varied between light-green to grey-green, leaf indumentum ranged from absent to very dense. The genotypes were also variable for traits of inflorescence. The corolla colour of most mature flowers was lemon-yellow or lemon-yellow with red coloration. The number of inflorescence per stem and number of flowers per head ranged from 2.3 to 8.1 and 4.3 to 6.3, respectively. In general, the morphologic examination showed that within-population variation was larger than the amongpopulation variation (data not shown) for most evaluated traits. Similar results were reported in many studies (Kongkiatngam et al. 1995; Julier et al. 2000; Bolanos-Aguilar et al. 2000 ) of other strongly crosspollinated species such as Medicago sativa and Trifolium pratense.
The correlation matrix of evaluated characters and their significance level were investigated (data not shown). The most significant correlations were found for the following traits: stem length and number of internodes (r = 0.884), leaf area and leaf width (r = 0.880), stem number and stem length (r = 0.770), growth habit and stem number (r = 0.740). The relationships between eleven quantitative traits, growth habit and altitude, latitude and longitude are expressed in a correlation matrix in Table 5 . The traits of stem and growth habit were the most influenced by geographical characteristics. All characters exhibited negative correlation with altitude, latitude and longitude. Populations with semi-prostrate plants originated from collecting-site locations with lower elevations (242, 380, 600, 727 m) than plants with prostrate growth habit (640-1400 m). Semi-prostate growth was more common in populations from lower longitudes. Most of the populations collected at lower altitudes tended to produce plants with a high number of longer stems with higher number of internodes. The longitude and latitude were associated especially with the number of stems, number of internodes and stem length. In general, populations coming from lower locations flourished later than those collected at higher altitudes. Our findings generally agree with those of Chrtková-Zertová (1973) and Steiner & Garcia de los Santos (2001) . Regarding qualitative traits, they were mostly unaffected by geographic factors. High variability of qualitative traits both among and within populations was found independently of altitude, latitude or longitude of collecting site. For example, dark green plants with medium hairy stems and lemon-yellow flowers were recognized in populations found at higher and also at lower elevations. These results differ from the observations of Steiner & Garcia de los Santos (2001) , who found that dark green plants were characterized at low altitudes. Associations among morphologic or agronomic traits and ecogeographic characteristics of the genotype collecting sites have been reported by several other studies, including associations between collecting site and morphologic traits of birdsfoot trefoil (Steiner & Garcia de los Santos 2001) , morphologic and RAPD variation to collection site environment of wild red clover (Greene et al. 2004) or latitudinal and altitudinal relation to important agronomic characters of white clover genotypes (Finne et al. 2000) . Figure 1 illustrates the dendrogram based on the cluster analysis of the morphological distance matrix of 15 populations. According to this figure, five different groups were formed. Three populations fell into the first group that was characterized by prostrate growth habit, by long and the thickest stems with a high number of internodes and lateral branches. These populations had inflorescences with an average number of lemon-yellow or lemon-yellow with red coloration flowers. The second group contained three populations characterized by semi-prostrate growth habit; by the largest leaf area and the highest number of flowers in inflorescence. These populations produced plants with a high number of stems with a high number of internodes and lateral branches. Populations in this group had been collected at lower elevations (569 m on average). Cluster three was created by three populations collected at higher elevations (1010 m on average). These populations differed from the others by small prostrate plants with the shortest and thinnest stems and with the lowest number of inflorescences and flowers. Populations from cluster four were also collected at higher elevations (995 m on average). They were similar to populations of the third group; they varied by the highest number of leaflets and a high number of inflorescences and flowers. Cluster five included only one population, which was very distinct from the others. This population, coming from the lowest situated collecting site (242 m), had a semi-prostrate growth habit. These plants produced the highest number of the longest stems with the highest number of internodes and inflorescences per stem.
To assess the relative significance of evaluated characters and among-population variation, principal component analysis (PCA) based on 12 morphological traits was carried out. PCA revealed that the first two PC axes explained 59.30% of the total multivariate variation with the first three PC axes explaining 72.49% of the morphologic variation. The attributes that appeared to be the major sources of diversity within the evaluated populations were the number of internodes, stem length, stem thickness, number of stems per plant, leaf length and growth habit (PC1). Leaf width and leaf area explained PC2 (Fig. 1) . In order to investigate the relationships and variability between populations, the Euclidean distances were calculated. The distribution of populations on the first two axes defined similar groups and expressively separated population SVKZAH98-127, what confirmed the results of the cluster analysis (Fig. 2) .
Based on the present results, a large variation exists between and among populations of Lotus corniculatus. Earlier studies on variation in morphological and genetic characters have revealed the existence of considerable variation in form and growth. Chrtková-Zertová (1973) reported that the highest variability range exists in general characters: length and shape of stems, colour of plant, indumentum of plants, indumentum shape and size of leaflets, number of flowers in inflorescence, size and colour of flowers and number of flowers in the inflorescence. In our study, morphological data separated the 15 populations into five groups on the basis of similarity in growth habit, stem length and thickness, number of internodes and stems per plant, leaf length and number of flowers in inflorescence.
Morphological variation was strongly associated with geographical characteristics of the collecting-site locations. The collecting sites considered in this study ranged from 48
• 13 58 to 49
• 16 22 in latitude, from 17
• 13 00 to 20
• 31 24 in longitude and from 242 to 1400 m a.s.l. in altitude. Pearson's coefficient correlations, cluster analysis and PCA are in accordance with the general tendency of relationships between evaluated characters and altitude, longitude and latitude. This study showed that most populations from locations with lower elevation tended to produce semi-prostrate plants with a high number of long stems and with later flowering. The number of stems, the number of internodes and the stem length increased as the population collecting-site location moved west and south. The finding of associations among birdsfoot trefoil morphologic traits and ecogeographic characteristics of the genotype collecting sites indicate that specific morphologic traits are important for the natural adaptation of genotypes to specific habitats (Steiner & Garcia de los Santos 2001) . The results showed considerable plasticity and adaptability of the species Lotus corniculatus to various environmental conditions. Together with high variability of some useful traits it might be helpful for developing improved birdsfoot trefoil cultivars for specific production environments.
